Weaned British × continental crossbred steers ( n = 108, 7 to 8 mo of age) of medium or large frame were used in a replicated experiment with a 2 × 4 factorial arrangement of treatments over 2 yr. Management regimens consisted of backgrounding for 150 d and finishing for 0, 30, 60, and 90 d. Carcass data were collected, and samples from the longissimus muscle were analyzed for long-chain fatty acids, cholesterol, and the percentage of fat. Duration of finishing was a source of variation for hot carcass weight, marbling, percentage of kidney, pelvic, and heart fat, fat thickness, yield and quality grades, cooking loss, flavor intensity, and stearic, oleic, and linolenic acids ( P < .05). Myristic, palmitic, and margaric acids were negatively correlated ( P < .05) with juiciness and with "cowy" and "painty" taste characteristics. Frame score did not influence longchain fatty acids; however, there was a relationship between long-chain fatty acids and management regimen. Results suggest that feeding steers a finishing diet up to 90 d after backgrounding for 150 d has a positive influence on carcass characteristics without affecting cholesterol.
Introduction
After weaning, some calves produced in the southern United States are transported to the mid-or southwest for development on forage and subsequent finishing in a feedlot. Genetic potential for traits that influence carcass composition and consumer acceptance of beef is determined at conception; therefore, thought must be given to these traits when planning a breeding program. An emphasis on leanness has led to the increased use of large-framed cattle that produce larger carcasses that are low in fat (Bertrand, 1980) . Savell and Cross (1988) stated that an intramuscular lipid content of 3% (wet tissue basis) is needed for minimum acceptable beef palatability in the United
States. This percentage of intramuscular lipid is most often attained by feeding diets high in concentrates and by slaughtering animals later in their growth curve (Cabezas et al., 1965; Rumsey et al., 1972) . The amount of fat considered necessary to provide acceptable palatability is also perceived by the public to be high in saturated fat and cholesterol (Casdorphy, 1965; Berns et al., 1989; Thorgood et al., 1990) . Effects of frame size and management regimen on future performance, meat attributes, and consumer acceptance of beef from feeder calves produced in the southern United States have not been extensively investigated. The objective of this study was to investigate carcass traits, sensory attributes, longissimus muscle cholesterol, and fatty acid profiles from feeder calves (medium and larger framed) finished for 0, 30, 60, or 90-d after a 150-d backgrounding period.
Materials and Methods
British × continental crossbred beef steers ( n = 108; 7 to 10 mo age) of medium ( n = 54) or large ( n = 54) frame, no. 1 thickness (USDA feeder grades for cattle), were purchased at sale barns in northern, central, and southern areas of Arkansas. Steers were selected with no phenotypic characteristic of Brahman breeding. The exact genetic composition of each steer was unknown. Steers in this study were considered to be a sample of the population of feeder steers produced in the southern United States without Bos Indicus influence.
Calves were assembled at the Beef Substation near Newport, Arkansas, in each of 2 yr. Experimental design was a 2 × 4 factorial arrangement of treatments, in which large-and medium-framed steers, backgrounded on Bermudagrass for 150 d, were either not finished ( BGF0) , or were finished for 30 ( BGF30) , 60 ( BGF60) , or 90 d ( BGF90) . A sample ( n = 27) of steers was slaughtered at the end of the backgrounding phase, and the remaining steers ( n = 81) were shipped to the Purebred Beef Farm of the Main Experiment Station near Fayetteville, Arkansas. After a 28-d acclimation period, the remaining steers were fed a starter ration. Concentrate in the diet was increased every 10 d for a 30-d period. On d 30, an 85% concentrate level was attained and fed throughout the remainder of the study. Energy and CP concentrations of the finishing diets are presented in Table 1 . In the backgrounding and finishing phases, steers were managed in accordance with guidelines recommended by the Consortium (1988) .
At 0, 30, 60, or 90 d after backgrounding (approximately 12, 13, 14, and 15 mo of chronological age, respectively), steers were slaughtered at Brown Packing Company (Little Rock, Arkansas). Hot carcass weight was determined on the day of slaughter. Fat depth over the longissimus muscle (between 12th and 13th ribs), estimated percentage of kidney, pelvic, and heart fat, longissimus muscle area, bone maturity, marbling score, and USDA quality and yield grade were determined 72 h after slaughter (AMSA, 1990) . Wholesale rib sections were removed and transported to the University of Arkansas Meat Laboratory.
A frozen rib sample (11th and 12th) was shipped to the sensory testing facility at Texas A & M University (College Station, TX) for measures of cooking loss, Warner-Bratzler shear ( WBS) force, taste-panel characteristics, and flavor descriptions. Upon arrival, rib steaks were kept frozen at −30°C until thawed for 24 h at 4°C. Thawed rib steaks (2.5 cm thick, with bone) were weighed and broiled individually on an electric Farberware Open-Hearth Broiler to a final internal temperature of 70°C. Steaks were cooked to 35°C and then turned until the final internal temperature was reached. Cooking loss was obtained by subtracting weight of the cooked steak from uncooked steak weight (Jones, 1988) . Steaks for WBS force determination were cooled for 2 h to room temperature (23°C), and 10 1.27-cm diameter cores were removed parallel to muscle fiber orientation. Each core was sheared through the center with a WBS force device, and WBS force for each cut was recorded as the mean of 10 cores (Morgan et al., 1991) . Rib steaks for taste evaluation were broiled to an internal temperature of 70°C, cut into 1-cm 3 samples, and evaluated while warm by a trained eight-member sensory panel as described by Cross et al. (1978) . Rib steaks were evaluated for flavor intensity ( 1 = extremely bland, 8 = extremely intense flavor), myofibrillar tenderness ( 1 = extremely tough, 8 = extremely tender), connective tissue amount ( 1 = abundant amount of connective tissue, 8 = no detectable connective tissue), and off-flavor intensity ( 1 = extremely intense off-flavor, 8 = no off-flavors).
A 50-g longissimus muscle ( LM) sample, taken between the 9th and 10th rib, was removed and shipped frozen to the Department of Food Technology and Science, University of Tennessee (Knoxville, TN), for fatty acid and cholesterol analyses. Fatty acids were analyzed using a dual internal standard method as described by Han and Melton (1988) . One milligram of each internal standard, tridecanoic (13:0) and heneicasanoic acid (21:0), was added per 100 mg of total lipids for each sample. Fatty acids in the mixture were converted to methyl esters using the boron trifluoride method of AOAC (1980) . Methyl esters were analyzed with a 30 m × .25 mm i.d. fused silica capillary column (SP2330 coating; Supelco, Bellefonte, PA) in a gas chromatograph (model 9AM, Shimadzu, Columbia, MD) with a flame ionization detector, data processor (Schimadzu CRL-A), and automatic sample injector (Schimadzu AOC-9). Helium ( 2 mL/min) was the carrier gas. Esters were analyzed during a temperature-programmed run from 130 to 220°C at 2°C/min. Methyl esters of representative samples were analyzed under the same conditions on the same column by gas chromatography-mass spectrometry using a gas chromatograph (Shimadzu model 9AM) interfaced with a mass spectrometer (Shimadzu QP1000). Relative response factors of 13:0 and 21:0 were determined using fatty acid standards of known weight composition. The concentration of each fatty acid was determined as mean of the estimates using the 13:0 and 21:0 internal standards.
Total lipids, containing free cholesterol, were extracted from beef LM with a chloroform-methanol procedure at room temperature. A 90-mg sample of total lipids was separated into three fractions by elution from a disposable Bond Elut (Phenomenex, Torrance, CA) silica column. The first fraction contained saturated and unsaturated hydrocarbons and was eluted with 20 mL of hexane. The second fraction contained triglycerides and was eluted with 20 mL of hexane-diethyl ether (92:8 vol/vol). The third fraction contained free cholesterol and was eluted with 20 mL of hexane-diethyl ether (20:80 vol/vol). Other compounds, such as free fatty acids and mono-and diglycerides, were also eluted with free cholesterol. Derivatization of the cholesterol to a silyl ether followed by separation with gas chromatography resulted in quantification of free cholesterol. Bartlett's test (Bartlett, 1937) was calculated to determine whether variances of traits would allow pooling of data across years ( P > .05). Data were pooled across years and analyzed by least-squares analyses of variance with unequal subclass numbers with the GLM procedure of SAS (1988) . Included in the model were dependent variables of carcass traits, sensory characteristics, WBS force, and long-chain fatty acid concentrations. Independent variables included were location of purchase, frame size ( FRSC) , days of finishing, and the interaction FRSC × days of finishing. Location of purchase was deleted from the model ( P > .05). Cholesterol was analyzed using the same model with the addition of yield grade ( YG) as a discrete independent variable. Least-squares means were separated by repeated t-tests in the least-squares means option of the GLM procedure of SAS (1988) . Pearson correlation coefficients were calculated between long-chain fatty acid concentrations and WBS force, sensory panel evaluations, and flavor profiles.
Results and Discussion
Least-squares means for carcass characteristics stratified across FRSC are presented in Table 2 . Large-framed steers had heavier ( P < .05) hot carcass weights than medium-framed steers. Carcasses from medium-framed steers were fatter ( P < .05) over the LM at the 12th and 13th rib interface than carcasses from large-framed steers. Although carcasses from medium-framed steers had a higher ( P < .05) marbling score and quality grade score than carcasses from large-framed steers, these differences were not great enough to change the carcass grade. These results agree with those of Camfield et al. (1994) , who found that large-framed, slow-maturing steers had lower quality grades and marbling scores and heavier hot carcass weights than intermediate-frame, slow-maturing steers. Lewis et al. (1993) and Galloway et al. (1993) found that large-framed steers had lower quality and yield grades than either medium-or small-framed steers.
Least-squares means for effects of time on feed for carcass traits, cooking loss, taste panel characteristics, flavor profiles, and fatty acid concentrations are presented in Table 3 . Steers finished for 60 and 90 d had heavier ( P < .05) carcasses than steers that were backgrounded only or finished for 30 d. Fat thickness increased ( P < .05) as days on feed increased. Steers that were finished for 90 d had a higher percentage of kidney, pelvic, and heart fat ( P < .05) than those finished for 0, 30, or 60 d. Numerical yield grade increased ( P < .05) as duration of finishing increased. Carcasses from steers finished for 60 and 90 d had a higher ( P < .05) marbling score than carcasses from BGF0 and BGF30 steers. A longer finishing period resulted in a higher ( P < .05) quality grade. Tatum et al. (1980) stated that cattle fed longer (160 d ) had higher ( P < .05) values for maturity, marbling, fat thickness, and percentage of kidney, pelvic, and heart fat and had less desirable yield grades than carcasses from cattle fed for a shorter period (100 d). Other research indicates that as cattle are fed for longer periods before slaughter, there are increases in marbling scores and quality grades (Wellington, 1968; Zinn et al., 1970a; Campion et al., 1975) , subcutaneous fat thickness (Campion et al., 1975) , and tenderness (Epley et al., 1968 , Zinn et al., 1970b .
Rib steaks from steers finished for 90 d had higher ( P < .05) cooking losses than steaks from steers finished for 30 and 60 d. Panel ratings for beef/broth flavor and detectable connective tissue increased ( P < .05) as days of finishing increased. Steaks from BGF90 steers were rated higher ( P < .05) for flavor intensity than steaks from BGF0 steers. This is due to the relationship between intramuscular fat and flavor intensity. Other research indicates that moisture, sensory, and(or) taste characteristics are affected by duration of finishing and diet characteristics (Rhee et al., 1982 Huskey et al., 1993; Patil et al., 1993) . Our results also agree with those of numerous researchers who have reported that as time on feed increases before slaughter, there is a resulting increase in tenderness (Epley et al., 1968; Zinn et al., 1970a; Schroeder et al., 1980) . Dolezal et al. (1982) reported that steers fed for 100 d or longer produced steaks with higher ( P < .05) ratings for tenderness and overall palatability and lower ( P < .05) values for shear force than steers fed for 90 d or less.
These results agree with those of Moody (1976) , who stated that flavor is highly associated with intramuscular fat, which is usually found in greater amounts in grain-fed cattle. Harrison et al. (1978) stated that flavor from fat becomes more desirable as feeding period increases. They also stated that the flavor desirability of fat from longer-fed cattle (>100 d ) was superior ( P < .05) to that of cattle fed for shorter periods (<100 d). Meyer et al. (1960) and Malphrus (1957) reported that a taste panel detected flavor differences between steaks with yellow and white fat.
Pentadecylic (15:0) and stearic acid (18:0) were highest ( P < .05) in LM samples from BGF0 steers and decreased as length of finishing increased. Oleic acid [18:1(n-9)] was lowest ( P < .05) for BGF0 steers and highest ( P < .05) for BGF90 steers. Linolenic [18: 2 ( n-6)] and cis-11-eicosenoic acids [20:2(n-6)] were highest ( P < .05) in BGF0 steers and decreased as days of finishing increased. Patil et al. (1993) found that linolenic acid concentration decreased when the amount of concentrate in the diet was increased. They also found that oleic acid was not affected by feeding a high grain diet. Latham et al. (1972) stated that unsaturated fatty acid content is normally higher for ruminants fed high-grain diets. This is due in part to decreased numbers of biohydrogenating and lipolytic microorganisms (Latham et al., 1972) .
Least-square means for the effect of frame score stratified across days of finishing are presented in Table 4 . Differences in hot carcass weights, longissimus muscle area, marbling score, quality grade, and skeletal maturity were not significant, and few significant differences were observed in sensory, taste, and tenderness traits. Fat thickness over the 12th and 13th rib interface was lowest for large-framed steers slaughtered at d 0 and highest for medium-framed steers slaughtered at d 90. The same general trend was observed for kidney, pelvic, and heart fat and yield grade, with large-framed steers slaughtered at d 0 having less fat and medium-framed steers slaughtered at d 90 having the most overall fat.
These results are in agreement with those of Tatum et al. (1980) , who found that as days on feed increased (100 to 130 d ) cattle tend to be fatter, have less desirable yield grade, higher quality grades, and more marbling than cattle fed for less than 100 d. They also found no differences for juiciness, tenderness, or overall palatability rating for cattle fed 160 d compared with cattle fed for less than 100 d.
Least-squares means for the interactive effect between FRSC and yield grade on LM cholesterol are presented in Table 5 . Cholesterol was higher in medium-framed, Yield Grade 1 steers; however, there was no difference ( P > .05) in cholesterol content among USDA yield grades of large-framed steers. Steers that were medium framed and Yield Grade 2 had significantly less ( P < .01) cholesterol than all other FRSC by yield grade combinations. There does not seem to be a discernible trend in the amount of cholesterol that is present in the meat from these steers. Perhaps the difference in cholesterol occurred because the steers with the most visible finish were slaughtered first. This could have caused the mediumframed Yield Grade 2 steers to be slaughtered before they reached the stage in their growth curve that allowed them to deposit intermuscular fat. Or perhaps by chance there were more medium-framed steers with a genetic predisposition for less intermuscular fat. These results agree with values reported in the literature for the cholesterol content (wet basis) of beef LM (uncooked) ranging from 36 to 46 mg/100 g (Stromer et al., 1966) to from 77 to 87 mg/100 g (Tu et al., 1967; Rhee et al., 1982) . Lewis et al. (1993) stated that biological type (large frame-slow maturing, intermediate frame-slow maturing, intermediate frame-fast maturing, and small frame-fast maturing) had a small effect on the uncooked LM cholesterol concentration. Huskey et al. (1993) reported that a leaner ground LM may be lower in fat and calories. The reduced amount of fat does not ensure the consumer of a reduction in dietary cholesterol. Kregel et al. (1986) reported that different endpoint temperatures had a significant effect on cholesterol. They also reported a higher cholesterol content on a lipid basis for lean beef than for fat beef. Pearson correlation coefficients for long-chain fatty acid concentrations with WBS force, juiciness, and sensory panel evaluation are shown in Table 6 . Shear force was positively correlated ( P < .05) with LM stearic acid (18:0) concentration. Sensory panel ratings for juiciness were negatively correlated ( P < .05) with myristic, palmitic, and margaric acid (14:0, 16:0, and 17:0, respectively) concentrations. Juiciness was positively related ( P < .05) to linoleic, homogamma-linolenic, and arachidonic acid [18:2(n-6), 20: 3 ( n-6), and 20:4(n-6), respectively] concentrations. Myofibrillar tenderness and overall tenderness were positively correlated ( P < .10) with cis-11,14-eicosadienoic acid [20:2(n-6) concentration.
Simple correlation of long-chain fatty acid concentrations with flavor and sensory characteristics of cooked LM are presented in Table 7 . Cowy flavor was negatively related ( P < .05) to myristic, myristoleic, palmitic, margaric, and oleic acid [14:0, 14: 1 ( n-5), 16:0, 17:0, and 18:1(n-9), respectively] concentrations and positively related to vaccenic, linoleic, and 5,8,11,14,17-eicosapentaenoic acid [18:1I, 18: 2 ( n-6) , and 20:5(n-3), respectively] concentrations. Cardboard flavor was positively correlated ( P < .05) with linoleic [18:2(n-6)], cis-11,14-eicosadienoic [20: 2 ( n-6)] , and homo-gamma-linolenic acid [20:3(n-6)] concentrations and negatively related with myristoleic and stearic acid [14:1(n-5) and 18:0] concentrations. Oleic acid [18:1(n-9)] concentration was positively correlated with painty flavor. Vaccenic acid (18:1I) concentration was negatively related ( P < .05) to beef fat flavor, liver flavor, soured taste, and metallic feel and positively related ( P < .05) to sourbit flavor. Saturated fatty acids tended to be positively correlated with beef fat taste characteristics that are associated with acceptable palatability. Unsaturated fatty acids tended to be positively correlated with unsatisfactory flavors, such as cowy, cardboard, painty, and livery (Dryden and Marchello, 1970) .
Implications
Large-and medium-framed British × continental steers fed a high concentrate diet for 0, 30, 60, or 90 d, after a 150-d backgrounding phase, did not achieve a quality grade of U. S. Choice. Steers fed 90 d had heavier carcasses, greater fat thicknesses, and higher marbling scores and quality grades than steers fed for 0, 30, or 60 d. Increasing the duration of concentrate feeding tended to improve flavor intensity and overall palatability of beef. Except for stearic acid, saturated fatty acids were higher in steers fed for 90 d. Unsaturated fatty acids were higher in cattle that were not fed a high grain diet. The saturated fatty acid concentrations were closely associated with the duration that cattle were fed a high grain diet, and unsaturated fatty acids were associated with cattle not fed a grain diet. There was no discernible trend in the amount of cholesterol in the meat from these steers.
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